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ABSTRACT 

We report the discovery of the first new ultra-cool brown dwarf found with 
the Wide-field Infrared Survey Explorer (WISE). The object's preliminary des- 
ignation is WISEPC J045853. 90+643451. 9. Follow-up spectroscopy with the 
LUCIFER instrument on the Large Binocular Telescope indicates that it is a 
very late-type T dwarf with a spectral type approximately equal to T9. Fits to 
an IRTF/SpeX 0.8-2.5 fim spectrum to the model atmospheres of Marley and 
Saumon indicate an effective temperature of approximately 600 K as well as the 
presence of vertical mixing in its atmosphere. The new brown dwarf is easily 
detected by WISE, with a signal-to- noise ratio of ~36 at 4.6 /xm. Current es- 
timates place it at a distance of 6 to 10 pc. This object represents the first in 
what will likely be hundreds of nearby brown dwarfs found by WISE that will be 
suitable for follow up observations, including those with the James Webb Space 
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Telescope. One of the two primary scientific goals of the WISE mission is to 
find the coolest, closest stars to our Sun; the discovery of this new brown dwarf 
proves that WISE is capable of fulfilling this objective. 

Subject headings: (stars:) brown dwarfs; (Galaxy:) solar neighborhood; infrared: 
stars; stars: late-type; stars: low-mass 



Introduction 



Brown dwarfs (BDs) are star-like objects with masses too low to susta in core fusion 



of hydrogen to helium. Although first predicted to exist in the early 1960's (jKumarlll963 



Havashi fc NakanolllOGsh . BDs were not discovered in bulk until d ecades later by deep, l arge- 
area surveys such as the Two Mi cron All Sky Sur vey (2MASS; ISkrutskie et al.ll2006l ). the 
Sloan Digital Sky Su rvev fSDSS: lYork et al.l 120001 ). and the DEep Near- Infrared Southern 
Sky Survey (DENIS; lEpchtein et al.l 119971 ). Strong methane absorption characterizes the 
coolest observed class of brown dwarfs, providing the hallmark of the "T" spectral type. 
To date, more than 200 T dwarfs have been discovered (DwarfArchiv es.org). T dwarfs 
have effective temperatures ranging from ~1300 K down to ^450 K (Lucas et al 



Bureasser et al. 


2006; 


Burnineham et al. 


2008 


Warren et al. 


2007f). and the coldest T dwarfs 



2010 



2004 



CH4, H2O , H2 and NH3 appearing throughout the near- and mid-in frared portions of their 
spectrum (IBorysow et al.lll997l : llrwin et al.lll999l : iLeggett et al.ll2007l ) . No census of our solar 
neighborhood can be complete without discovering the lowest-temperatu re brown dwarfs, as 



it is anticipated that they exist in numbers riyahng those of norm al stars (IBurningham et al. 



2OIOI : iLodieu et all 120071 : iMoraux et all 120031 iReid et al.lll999r ). Additionally, the spatial 
density of ultra-cool and low mass BDs can be used as a sens itive probe of the lowest ma sses 



that can be produced via different star formation processes (IBate 



20091 : lBurgassei]l2004l ). 



One of the two primary science objectives for the Wide-field Infrared Survey Explorer 
(WISE) is to find these coldest brown dwarfs, which represent the final link between the 
lowest mass stars and the giant planets in our own solar system. WISE is a NASA Medium- 
class Explorer miss ion designed to survey the entire sky in four infrared w avelengths, 3.4, 
4.6, 12 and 22 /im JWright et allboiol : Ihiu et al.l[2008l iMainzer et aPboOsi l. WISE consists 
of a 40 cm telescope that images all four bands simultaneously every 11 seconds. It covers 
nearly every part of the sky a minimum of eight times, ensuring high source reliability, with 
more cover age at the ecliptic p oles. Astrometric errors are less than 0.5 arcsec with respect 
to 2MASS ( Wright et al. 201o[ ). The preliminary estimated SNR=5 point source sensitivity 



on the ecliptic is 0.08, 0.1, 0.8 and 5 mJy in the four bands (assuming eight exposures per 
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band; Wright et al. 2010). Sensitivity improves away from the echptic due to denser coverage 
and lower zodiacal background. 

WISE's two shortest wavelength bands, centered at 3.4 and 4.6 {Wl and W2, respec- 
tively), were specifically de signed to optimize sensitivity to the coolest types of brown dwarfs 
( iKirkpatrick et al.llin prepi ). In particular, BDs cooler than ~1500 K exhibit strong absorp- 
tion due to the band of CH4 centered at 3.3 Mm, with t he onset of methane absorption 
at this wavelength beginning at ~1700 K ( iNoll et al.lll997| ). The as-measured sensitivities 
of 0.08 and 0.1 mJy in Wl an d W2 allow W I SE to dete ct a 300 K BP out to a d istance of 
~8 pc, according to models by iMarley et al.l (|2002[ ) and ISaumon fc MarlevI toO^ . 



2. Observations of Known L and T Dwarfs with WISE 



In order to facilitate the search for new BDs in the WISE dataset, we first examined 
the WISE fluxes and colors of known BDs. The Wl - W2 and IRAC [3.6] - [4.5] colors of 
a sample of L and T dwarfs are shown in Figure la along with their Spitzer/IRAC colors 
( iPatten et al.ll2004( ). The WISE Wl band spans the deep H2O and CH4 absorption features 
found in the coolest BDs, while the W2 band is centered on the window near 5 /im where 
much of the flux of these objects is emitted: it also inclu des the 4.6 /im CO absorption 
feature and the 4.2 /im CO2 feature ( lYamamura et al.ll2010l ). While the Wl and W2 bands 
are superficially similar to the Sp itzer/IRAC bands 1 and 2 (which were also designed to 
isolate cool BDs; iFazio et al.lll998l ). the WISE Wl band is wider to improve discrimination 
between normal stars and ultra-cool BDs (Wright et al. in preparation). This results in a 
systematically larger Wl — W2 color compared to [3.6] — [4.5]. Figures lb and Ic show that 
J — W2 and H — W2 increase with spectral type, with H — W2 showing the smoothest 
correlation be t ween color and spectral type for BDs later than T5, in good agreement with 
Leggett et al.l (l2010f ): these indices are likely to be a valuable means of identifying new L and 
T dwarfs. Table 1 contains the WISE photometry of the small sample of L and T dwarfs 
shown in the figures, and Figure [2] shows a model of a cool BD along with the WISE Wl 
and W2 transmission curves. 



3. Search for New Brown Dwarfs with WISE 

Several methods were employed for searching for new BD candidates in the WISE 
dataset. The WISE preliminary data processing pipeline produces calibrated frames for 
each of the individual exposures. These images have been dark-subtracted, fiat-fielded, dis- 
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tortion corrected, have had artifacts flagged and sources extracted. Once the individual 
images are produced, they are coadded to produce a single frame for each inertial position. 

Searches for new BD candidates were performed on both the single-frame and multi- 
frame coadded mosaic source lists. The coadd search provided the maximum depth and 
sensitivity since the coadded frames generally feature the combination of at least eight frames 
per position. The coadd search was performed by searching the source lists for objects with 
a W1 — W2 > 2.0, a W2 signal-to-noise ratio (SNR) >10, although sources were not required 
to be detected in Wl (limiting magnitudes are given to 2.5 a). Sources were required to 
have been observed a minimum of four times in order to ensure reliability. Sources affected 
by artifacts such as diffraction spikes and latent images were excluded, and the reduced chi- 
squared point spread function goodness-of-fit parameter was required to be consistent with a 
point source (w2rchi2<3, where the quantity w2rchi2 represents the goodness of fit of a point 
source model to the set of observed pixel values in band W2, whereby a value close to unity 
indicates consistency). No requirement on the Wl signal-to- noise ratio was levied in order 
to increase sensitivity to the coolest BDs, which can fall below the Wl sensitivity limits. 
Subsequent searches were performed with varied criteria, including requiring the W4 SNR 
to be <5, and only sources with high reliability were accepted (as determined by comparing 
the number of detections to the number of coverages). Once sources meeting these criteria 
were extracted from the WISE data, they were compared with images from the Digitized Sky 
Survey (DSS), 2MASS, and SDSS. BD candidates were required to have blue and red optical 
fluxes from DSS and SDSS (where SDSS data were available) consistent with expectations 
for very late T dwarfs observed with WISE. Cold WISE BD candidates were required to be 
unseen in DSS or SDSS, or in some cases visible at the longest wavelengths only in these 
surveys. 

A source, given the provisional designation WISEPC J045853. 90+643451. 9 (hereafter 
WISEPC J0458-I-64), was located in the coadd source list that met all of the above criteria; 
Table 2 summarizes the astrometry, and Table 3 summarizes the WISE magnitudes and 
colors for the source. Although WISEPC J0458+64 is faintly visible in the 2MASS J band 
original scans, slightly offset from the WISE-derived position, the source was not bright 
enough to have been included in either the 2MASS All-Sky Point Source Catalog or Reject 
Table. Aperture photometry of the J-band flux using standard IDL astronomy library 
routines reveals it to be detected at 3 a. Figure |3] shows the WISE, 2MASS and DSS flnder 
images. At the position of the BD candidate, there are 13 separate images from WISE. The 
signal-to-noise ratios in the resulting coadded data in Wl are 11.9 and 36.3 in W2. The 
source was not detected in W3 due to contaminating cirrus, which can confound photometry 
at these wavelengths. The object is not detected in WA to a limiting magnitude of 9.3 (Vega 
system), or 1.70 mJy. The images of WISEPC J0458+64 were searched for widely separated 
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companions, but none were found. No known nearby stars with common proper motion were 
found. 



4. Follow-Up Observations of WISEPC J0458+64 

4.1. Fan Mountain - FanCam 

YJH photometry of WISEPC J0458+64 was obtained on 2010 March 17 (UT) with 
FanCam, a HAWAII-1 b ased infrared imager op erating at the University of Virginia's Fan 



Mountain 31" telescope (IKanneganti et al.ll2009l ). The source position was dithered by ap- 



proximately 10" between 30 s [JH) or 60 s {Y) exposures during total exposures of 40, 35, 
and 60 minutes at F, J and if-band respectively. The FanCam field of view (FOV) is 8.7' 
X 8.7' (0.51" /pixel). The combined, dithered exposures covered 7' x 7', providing several 
2MASS stars for photometric reference within the exposure area. A median "sky" frame was 
subtracted from each individual exposure prior to fiat fielding with the median background 
level subsequently restored to the image. 

YJH aperture photometry was computed for WISEPC J0458+64 using an aperture 
with a radius of 3 pixels. The zero points for the JiJ-bands were computed using stars 
in the FOV with measured 2MASS magnitudes since the J H -hand filters in FanCam are 
based on the 2MASS system. In order to derive the y-band zero point, we first computed 
the F-band magnitudes of s tars in the FOV usin g their 2MASS J and magnitudes and 



the transformation given by iHamuy et al.l (120061 ). The final uncertainty in the magnitudes 



include the photon noise from the sky and source, the read noise, and the uncertainty in the 
zero point. The resulting magnitudes and uncertainties are given in Table 3. 



4.2. Large Binocular Telescope - LUCIFER 

The LET Near Infrared Spectroscopic Utility with Camera and Integr al Field Unit 



for E xtragalactic Research (LUCIFER) near-infrared camera/spectrograph ( iMandel et al. 



20081 ). operating in long-slit grating spectroscopy mode, provided 1.5-2.3 /im spectra of 
WISEPC J0458+64 at the Gregorian focus of the Large Binocular Telescope's SX ("left") 
8.4-meter primary mirror on 2010 March 19 (UT). The 0.75" slit spanned 3.0 pixels and 
provided a spectral resolving power R (= \/5X) ranging from 1300 at 1.6 /im to 1700 at 
2.2 /im dispersing the light in a single order across the array. The orientation of the 200 
lines/mm "H-|-K" grating centered 1.98 /xm on the array. Observations consisted of 300 
second exposures with the source nodded between two slit positions separated by 20 arcsec- 
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onds in declination following an ABBA position sequence. Three repetitions of this sequence 
provided for 60 minutes of on-source integration. AO telluric standards were observed both 
before and after the observation. 

The spectra were proces sed using a modified version of the Spextool data reduction 
package (ICushing et al.ll2004l ). Each pair of exposures was subtracted and then flat fielded. 
The spectra were then extracted and wavelength calibrated using sky emission features. The 
raw spectrum of WISEPC J0458+64 was c orrected for telluric absorption using the AO V star 
HD 33541 and the technique described by IVacca et al.l (120031 ). The spectrum was rebinned 
to have 1 pixel per resolution element resulting in a final signal-to-noise ratio of 20 and 10 
in the H and K bands respectively. 



4.3. NASA Infrared Telescope Facility - SpeX 



We obtained a 0-8-2 .5 //m spectrom of WISEPC J0458+64 on 2010 Sep 12 (UT) using 
SpeX (IRayner et al.ll2003l ) on the 3.0 m NASA Infrared Telescope Facility on Mauna Kea. 
We used the low-resolution prism mode with the 0".5 wide slit which yielded an average 
resolving power of R =150. A series of 120 sec exposures at two positions along the 15" 
slit were obtained to facilitate sky subtraction. Observations of the AO star HD 14632 were 
obtained after the science exposures for telluric correction and flux calibration purposes as 
well as fiat and arc lamp exposures. 



The data were reduced using Spextool ( ICushing et al.l 120041 ). the IDL-based data re- 
duction package for SpeX. Given the faintness of WISEPC J0458-I-64, the images were first 
pair-subtracted and then averaged together robustly in o rder to facilitate extraction. The 



spectra were then optimally extracted (e.g. iHornd Il986l ) and wavelength calibrated using 



argon lamp exposures. The raw spectrum was then corrected for telluric absorption and 
flu x-calibrated using t he observations of the AO V star IID14632 and the technique described 
in (jVacca et al.l 120031 ). The SNR of the final spectrum ranges from a maximum of ~40 in 
th e J band to ^5 in th e K band. The spectrum was absolutely fiux calibrated as described 
in lRayner et al. I (120091 . see Equation 1) using the FanCam J- and if-band magnitudes. The 



agreement between the LUCIFER and SpeX data is excellent (Figure H]). 
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5. Analysis 



5.1. Spectral Analysis 

The LUCIFER and SpeX spectra are shown in Figure O The spectra exhibit the deep 
absorption features of CH4 and H2O indicative of a very late T dwarf. The spectrum of 
WISEPC J 0458+64 can be comp ared to the NIR spectra of the very late T dwarfs 2MASS 
■10415-09 jBurgasser et aLl l2nn2l). ULAS J003402.77-005206.7 (hereaf ter ULAS J0034-0q : 



Warren et al. 



2mA , CFBDS J005910.90-0114 01.3 (CFBDS J0059-00: |Delorme et al.lboosi ) 



ULAS J133553.45 +113005.2 (U LAS J1335+ll: lBurningham et al.ll2008h . and ULAS J141623.94+134836.3 
(ULAS J1416+13: [s"cholzll2010l ). As shown in Figure El WISEPC J0458+64 appears to best 
match the spectrum of the T9 dwarfs, although formal assignment of a spectral type will 
have to wait for the identification of spectral standards for objects this late. 

The atmospheric parameters of WISEPC J0458+64 were esti mated by comparing the 
SpeX spectrum an d the W ISE photometry to the model spectra of iMarley et al.l ( 120021 ) and 
Saumon &: Marleyl (|2008[ ). We used a grid of 80 cloudless models with Tes ranging from 
500 to 1000 K in steps of 100 K, log^ = 4.0, 4.5, 5.0, 5.5 [cm s'^], [M/H] = 0, -0.3, and 
K^z = 0, 10^ cm^ s~^. K^z is the eddy diffusio n coefficient and ran ges from 



40^ cm^ s" 



to 10^ cm^ s ^ in planetary atmospheres (e.g., ISaumon et al.l 120061 ). K^z =0 corresponds 



to an atmosphere without vertical mixing in the radiative zone where chemical equilibrium 
prevails. The models were first smoothed to the resolution of the spectra and interpolated 
onto the wavelength scale of the data. In order to include the WISE photometry in the 
comparison, we converted the observed Wl and W2 magnitudes to average fiuxes using the 
following zero points on the Vega system: 306.681, 170.663, 29.0448 & 8.2839 Jy in bands 
Wl through 1^4 and using the relative spectral response curves from (jWright et al.ll2010l : 
Jarrett et al.llin prepi ). 



We identified the best fitting model spectra in the grid using the goodness-o f -fit st atistic 
Gk {wi=l; all data points receiving equal weight) described in ICushing et al.l (120081 ). For 
each model k, we compute the scale factor Ck={R/dy, where R and d are the radius and 
distance of the dwarf respectively, that minimizes Gk- The best-fitting model is identified 
as having the global minimum Gk value. To access the uncertainty in the selection process, 
we run a Monte Carlo simulation using both the uncertainties in the individual spectral 
and photometric po i nts and the overall absolute fiux calibration of the SpeX spectrum (see 
Cushing et al.ll2008l : iBowler et al.ll2009l ). We report the quality of the fit between the data 
and model k as /mc? the fraction of Monte Carlo simulations in which model k is identified 
as the best fitting model. 



The best-fitting model has Teff=600 K, logc/=5.0, [Fe/H]=0, K^^ 



--10^ cm^ s ^, 



and 
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/mc=0.66 while the second best-fitting model has Tefr=600 K, log (7=5.5, [Fe/H]=0, i^'zz=10^ 
cm^ s~^, and /mc=0.34. Given their /Mcvalues, these are the only two models in the grid that 
fit the data given the uncertainties. Figure M shows the SpeX spectrum and WISE photome- 
try of WISEPC J0458-I-64 along with the best-fitting model. The spectrum is well-matched 
by the model, but the W2 point is discrepant by over 10 a. Although Figure [5] shows that 
WISEPC J0458-I-64 appears to show suppressed K band flux relative to other late T dwarfs, 
the interpretation of the feature is uncertain as the models for objects in this temperature 
regime are as yet not well-validated. Suppressed K-hand flux has p r eviously been ascribe d 
to low metalhcity and/or high surface gravity (jLeggett et al.l l2009l : [Stephens et al.ll2009l ): 
however, our model fits do not indicate unusual metallicity. The atmospheric parameters 
derived herein for WISEPC J0458 - |-64 are consistent with t hose derived for other late-type 
T dwarfs (e.g., iLeggett et al.ll2009l : iBurningham et al.ll2009[ ). In particular there is evidence 
for the presence of vertical mixing in the atmosphere of WISEPC J0458-I-64 as K^^=1Q'^ cm^ 
s~^. However the poor mismatch between the data and the model a t 4.6 /zm, a spectra l 
region particularly sensitive to vertical mixing (jLeggett et al.ll2007bl : iGeballe et al.ll2009l ). 
makes drawing any conclusions difficult. 



Following Bowler et al.l (120091 ). we can also estimate a spectrophometric distance to 
WISEPC J0458+64 using the scale factor Ck- We first estimate the rad ius of WISEPC 
J0458+64 using the derived (Tes, log (?) values and the evolutionary models of lSaumon fc Marley 
(120081 ). Using errors given by half the grid spacing of 50 K and 0.25 dex, we estimate a 
distance of 6—8 pc for WISEPC J0458+64. This distance is in rough agreement with the 
photometric distance of 9. Oil. 9 pc, using the apparent J magnitude of 17.47±0.05 and ab- 
solute magnitude Mj = 17.7 ±0.45. This was compute d from a weighte d average of Mj fo r 
the late T dwarfs Wolf 940B jBurningham et al.ll2009l ). ULAS0034-00 JSmart et allboioh . 
and ULAS141623.94+134836.3 JScholzl l2Qlo|) , using the worst-case error. 



5.2. Astrometry 

The source is not present in either the 2MASS All-Sky Point Source Catalog or the Re- 
ject Catalog, but it is faintly visible in the 2MASS J image as shown in [31 We performed a 
Gaussian fit to the source in the 2MASS J image to measure its position. Astrometry at three 
epochs (2MASS, WISE, FanCam) is listed in Table 2. A linear least-squares fit to the mea- 
sured positions, weighted by their astrometric errors, gives a motion of 0.1968±0.0291"/yr 
in right ascension and 0.1593±0.0291"/yr in declination over 11.2 years, or a total motion 
of 0.256±0.032'7yr. 
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Discussion 



One of the key questions in brown dwarf science is whether or not the spectral sequence 
ends with the T dwarfs, or whether another spectral type (with a proposed designation of Y; 
Kirkpatrick et al.l (Il999[ )) is justified. Currently, only about two dozen objects with spectral 
types later than T7 are known , and four objects are known to have type T9 or later: ULAS 



J0034-00 (IWarren et al. l2007f) . CFBDS J0059-0 flDelorme et al. 



jBurningham et aliboosl l. and UGPS J0722-05 Jlucas et aliboioh . New spectral indices 



20081 ) ■ ULAS J1335+11 



for typing these late-type T dwarfs have been developed as the CH4 absorption band depths 
may not continue to incre ase in the NIR with temperatures lower than those of T8/T9 dwarfs 
JBurningham et al.l boioh. We compute the HoO-J, CH4 - J, Wj R^O- H, CH4 - H an d 



CR^K indices given by 



Burgasser et al.l (l2006[ ). lBurningham et a. 



(120081) andlWarren et al. 



fl2007f ) for WISEPC J0458+64 (see Table 3). However, as noted in lBurningham et al.l fl2008[ ). 
these indices must viewed with caution for extremely late T dwarfs; the values we compute 
for WISEPC J0458+64 tell us only that it is later than T7/T8. Given the paucity of very 
late T dwarfs, assignment of a definitive spectral type will await the identification and 
definition of spectral standards. As this remarkably cool object was found easily in some of 
the first WISE data, WISE is likely to find many more similar objects, as well as cooler ones, 
inevitably producing abundant candidates for the elusive Y clas s brown dwarfs. Scaling from 
the Spitzer sample of 4.5 /xm selected ultra-cool BD candidates (lEisenhardt et al. II2OIOI ). we 
expect to find hundreds of new ultra-cool brown dwarfs with WISE. We compute that for 
most likely initial mass functions, WISE has a better than 50% chan ce of detecting a c ool 
BD which may actually be closer to our Sun than Proxima Centauri (jWright et al.ll2010l ). 



7. Conclusions 



We report the discovery of the first ultra-cool brown dwarf with WISE, an object which 
is consistent with an extremely late T dwarf. The object is easily detected by WISE, with 
signal-to-noise ratio of ~40 at 4.6 fim. Further, WISEPC J0458+64 lies in projection only 13 
degrees off the Galactic midplane. WISE can pick out ultra-cool brown dwarfs like this one 
easily even in regions that are traditionally confused, as the number of sources per square 
at 4.6 fim is significantly lower than in optical and near-IR wavelengths. The WISE survey 
offers an all-sky survey with extremely uniform and stable instrumental characteristics and 
survey cadence. By surveying the entire sky, including the galactic plane, WISE can provide 
an accurate census of cold BDs in the solar neighborhood, which is necessary for determining 
the initial mass function at low masses. WISEPC J0458+64, along with UGPS J0722-05 
and the few other brown dwarfs like it, represents the first in what is anticipated to be a 
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significant population of objects revealed by the WISE survey. We expect that brown dwarfs 
discovered by WISE will at last close the remaining gap in temperature between the coolest 
objects currently known (^ 500 K) and potentially those of the giant planets in our own solar 
system JWright et al.lboioh . 
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Table 1. Preliminary Photometry of A Sample of Known Brown Dwarfs Observed with 
WISE. Spectral types for L dwarfs are based on optical spectroscopy; T dwarfs are based 

on infrared spectroscopy. 



Object 


Spectral Type 


Wl 


Wl Error 


W2 


W2 Error 


Wl-^ 


2MASS J04510093-3402150^ 


L0.5 


11.933 


0.016 


11.690 


0.015 


0.243 


2MASS J08354256-0819237^ 


L5 


10.403 


0.025 


10.04 


0.020 


0.363 


2MASS J16322911+1904407'' 


L8 


13.151 


0.029 


12.637 


0.024 


0.514 


SDSSp J083717.22-000018.3^ 


TO-Tl 


15.512 


0.056 


14.697 


0.079 


0.815 


IPMS J013656.57+093347.3'i 


T2.5 


11.922 


0.026 


10.943 


0.024 


0.979 


2MASSI J1546291-33251P 


T5.5 


15.044 


0.072 


13.447 


0.037 


1.597 


SDSSp J162414.37+002915.6f 


T6 


15.2 


0.053 


13.146 


0.030 


2.054 


Gliese 570Dg 


T7 


15.029 


0.119 


12.151 


0.045 


2.878 


2MASSI J0415195-093506^ 


T8 


15.207 


0.051 


12.28 


0.022 


2.927 


UGPS J072227.51-054031.2^ 


T9+ 


15.168 


0.047 


12.197 


0.027 


2.971 



Cruz et al.1 (|2003|) 



%irkpatrick et al.l (|l999l ) 



Leggett et al.l (|200d) 



' lArtigau et all pood l 



Burgasser et al.1 (|2002l ) 



Strauss et al.1 (|l999l ) 



teurgasser et al.1 ((20001) 



Lucas et al 



torn 
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Table 2. Astrometry of WISEPC J0458+64. 



RA (J2000, °) 


Dec (J2000, °) 


Ra err (") 


Dec err (") 


MJD 


Reference 


74.7245712 


64.5810776 


0.1696 


0.1703 


55262. 18273^" 


WISE Pass 1 Database 


74.723142 


64.580773 


0.3 


0.3 


51179.32788 


2MASS Images 


74.724583 


64.581224 


0.2 


0.2 


55272.03133 


FanCam images 



^This is the average of the date of the earliest frame (MJD= 55261.554191) and that of the latest 
frame (MJD=55262.811271) contributing to the coadded image. 



Table 3. Photometry, Proper Motion, and Spectral Indices of WISEPC J0458+64. 



Parameter Name 


Value (mag) 




1d.8±0.3 


H (2MASS) 


(undetected) 


K (2MASS) 


(undetected) 


Y (FanCam) 


18.34±0.07 


J (FanCam) 


17.47±0.07 


H (FanCam) 


17.41±0.11 


Wl 


16.401±0.100 


W2 


13.020±0.031 


W3 


(undetected - cirrus) 


W4 


( 9.322 - undetected; lower limit) 


Yfc — Jfc 


0.87±0.10 


Jfc — Hpc 


0.06±0.13 


Hfc - W2 


4.39±0.11 


W1-W2 


3.381±0.105 


Proper motion (arcsec/yr) 


0.256±0.032 


Position angle 


51±7 degrees east of north 


H2O-J 


0.03 


CH4- J 


0.32 


Wj 


0.46 


R2O-H 


0.10 


CH4 - H 


0.09 


CH4- A 


0.19 
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Fig. la,b,c.— The WISE WI-W2 colors are systematically redder than the IRAC Chl-Ch2 
colors for low temperature objects. WISE measurements are shown as r ed diamonds; 



Spitz er/IRAC measurements for the same objects are shown as black triangles (IPatten et al. 



20041) . WISEPC J0458+64 is shown as a blue diamond, and UGPS J0722-05 fEucas et al. 



2010h is shown as a green diamond. WISEPC J0458+64 appears ~0.4 magnitudes redder 



than UGPS J0722-05. UGPS J0722-05 is detected with a measured SNR=39.9 by WISE 
in the W2 image formed from coadding 10 frames. The J — W2 and H — W2 colors increase 
rapidly with spectral type. J — W2 and H — W2 are likely to be effective indices for detecting 
and characterizing late L and early T dwarfs as well as ultra-cool BDs. 
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Fig. 2. — A cloudless model spectrum with Teff=300 K and log 5'= 4.5 (cm s^^) (M. Marley & 
D. Saumon, private communication, 2010) is shown in black along with the relative response 
functions of the 3.6 and 4.5 fim bands of IRAC (red) and the Wl and W2 bands of WISE 
(green). The positions and widths of the Wl and W2 bandpasses were specifically designed 
to sample the strong absorption at A ~3.5 fim due to CH4 and H2O and the region relatively 
free of opacity at ~4.7 fim in the emergent spectra of cold BDs. 
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Fig. 3. — Nine-band finder chart showing the area around the brown dwarf. The top row 
shows DSS images at R and J bands taken at epochs 1989-12-23, and 1996-10-02 (UT, 
respectively), as well as 2MASS J, H and K bands taken at epoch 1999-01-01 (UT). The 
bottom row shows the WISE coadded images at VTl, 1^3, and 1^4, with an RGB 

composite of bands VTl, Wl and W?). The coadds come from frames ranging between MJDs 
55261.554191 and 55262.811271. Each image is 5 arcminutes on a side with north up and 
east to the left. The brown dwarf is detected in J, and W1 and shows significant motion 
between epochs; the W?) fiux is contaminated by nebulosity and is therefore unreliable, and 
it is undetected in 1^4. The final image is a three-color composite comprised of VTl, W1 
and 1^3, shown as blue, green and red, respectively. 
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Wavelength (|j.m) 



Fig. 4.— Spectrum of WISEPC J0458+64 obtained with SpeX {black) and LUCIFER (red). 
Prominent absorption bands of CH4, H2O, and H2 are indicated. The agreement between 
the two spectra is excellent. 
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Fig. 5.— The 1.5 - 2.45 /iin spectrum (black) of WIS EPC J0458+64 . Overplot 
ted ( red) are five late T dwarf spectra: UL AS 1416+13 JScholj boid iBurgasser et al.l 
2010h . 2MASS J04 15-09 feurgasser et al1 l2002h. ULAS J1335+ 11 jBurningham et al.lboosh . 
ULAS J0034-00 JWarren et al.lboOTl l and CFBDS J0059-01 JPelorme et al.lboosi l. 
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Wavelength (|j.m) 

Fig. 6. — Spectrum and WISE photometry [black) of WISEPC J0458+64 overplotted with 
a model spectrum. The best fitting model spectrum for the case Wi=l (red) has Teff=600 
K, log(7=4.5, [Fe/H] = 0, and K^^=1Q^ cm? s~^. The average model fluxes over the WISE 
bandpasses are shown as open squares; the photometric errors on the WISE points are 
comparable to the symbol size. 



